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ABSTRACT Despite the fact, that combination of heat treatment and treatment with exogenous biologically active substances in-
creases shelf life of sweet bell pepper fruits and facilitates decreasing of metabolism, influence of such treatment on functioning of 
low-molecular antioxidant system was not studied. Used in this research hybrids of sweet bell pepper Hercules and Nikita were 
grown in the open-field conditions. Fruits were dipped for 15 min. into the prepared composition of biologically active substances 
ZLWKWHPSHUDWXUHRIɋ&RPSRVLWLRQFRQVLVWHGRIVXEVWDQFHVZLWKEDFWHULFLGHDQGDQWLR[LGDQWHIIHFWEXW\OK\GUR[LWROXROOecithin 
and water extract of horse-UHGGLVKURRW$IWHUGU\LQJIUXLWVZHUHSXWLQER[FRYHUHGZLWKDSRO\HWK\OHQHILOPDQGVWRUHGLQɋ
DQGUHODWLYHKXPLGLW\ 
Influence of heat and antioxidant treatments combination on the content of lipid peroxidation products, ascorbic acid, phenol sub-
stances and carotenoids was studied. 
,WZDVVKRZQWKDWFRQWHQWRIPDORQGLDOGHK\GHLQWUHDWHGIUXLWVLV«WLPHVORZHUGHSHQGLQJRQK\EULGLQFRPSDULVRQZLWKFontrol 
groups. Heat treatment of pepper fruits with antioxidant composition inhibits oxidative activity of enzymes ascorbatoxidase and poli-
phenoloxidase, which leads to better maintenance of low-molecular antioxidant fund. Treated pepper fruit contain 20% more ascor-
bic acid and 10% more phenol substances. In pepper fruits, which were treated with heat and antioxidants, content of carotenoids is 
«KLJKHU FRPSDULQJ WR WKH FRQWUROJURXSRI IUXLW%HWZHHQ WKH FRQWHQWRIPDORQGLDOGHK\GHDQGTXDQWLW\RI ORZ-molecular 
antioxidants strong reverse correlative dependencies (r=-«-0,92) were found, which testify to their importance in reactive oxy-
gen species utilization during the storage of sweet bell pepper fruits. 




ɋɨɥɨɞɤɢɣ ɩɟɪɟɰɶ ɽ ɜɚɠɥɢɜɨɸ ɨɜɨɱɟɜɨɸ ɤɭɥɶ
ɬɭɪɨɸ ȼɢɫɨɤɿ ɫɩɨɠɢɜɱɿ ɜɥɚɫɬɢɜɨɫɬɿ ɧɚɹɜɧɿɫɬɶ ɤɨɦ
ɩɥɟɤɫɭ ɮɿɬɨɧɭɬɪɿɽɧɬɿɜ ɪɨɛɢɬɶ ɣɨɝɨ ɧɟɡɚɦɿɧɧɢɦ ɤɨɦ
ɩɨɧɟɧɬɨɦɭɡɞɨɪɨɜɨɦɭɯɚɪɱɭɜɚɧɧɿɉɪɨɬɟɩɿɞɱɚɫɩɿɫ
ɥɹɡɛɢɪɚɥɶɧɨʀɨɛɪɨɛɤɢɿɡɛɟɪɿɝɚɧɧɹɹɤɿɫɬɶɩɥɨɞɨɨɜɨɱɟ
ɜɨʀ ɩɪɨɞɭɤɰɿʀ ɲɜɢɞɤɨ ɡɧɢɠɭɽɬɶɫɹ ɐɟ ɽ ɩɪɢɪɨɞɧɢɦ
ɧɚɫɥɿɞɤɨɦ ɱɟɪɟɡ ɩɪɨɞɨɜɠɟɧɧɹɦɟɬɚɛɨɥɿɱɧɢɯ ɩɪɨɰɟɫɿɜ
ɬɚ ɫɬɚɪɿɧɧɹɩɥɨɞɨɜɢɯ ɬɤɚɧɢɧ ɇɟɜɿɞ¶ɽɦɧɨɸɱɚɫɬɢɧɨɸ
ɩɿɫɥɹɡɛɢɪɚɥɶɧɨɝɨ ɦɟɬɚɛɨɥɿɡɦɭ ɽ ɨɤɢɫɧɿ ɩɪɨɰɟɫɢ ɡ
ɭɬɜɨɪɟɧɧɹɦ ɬɚɤɢɯ ɚɤɬɢɜɧɢɯ ɤɢɫɧɟɜɢɯ ɿɧɬɟɪɦɟɞɿɚɬɿɜ 
ɫɢɧɝɥɟɬɧɢɣɤɢɫɟɧɶ 1Ɉ2 ɫɭɩɟɪɨɤɫɢɞɚɧɿɨɧ 22ÚØɩɟ
ɪɨɤɫɢɞ ɜɨɞɧɸ +2O2 ɝɿɞɪɨɤɫɢɥɶɧɢɣ ɪɚɞɢɤɚɥ ɈɇÚ
ɩɟɪɨɤɫɢɧɿɬɪɢɬ2122Ø. ɍɫɿɰɿɪɟɚɤɰɿɣɧɨɡɞɚɬɧɿɮɨɪ
ɦɢɤɢɫɧɸɜɿɞɿɝɪɚɸɬɶɜɚɠɥɢɜɭɪɨɥɶɭɩɟɪɟɞɚɱɿɤɥɿɬɢɧ
ɧɢɯ ɫɢɝɧɚɥɿɜ Ⱥɥɟ ɡɪɨɫɬɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɤɬɢɜɧɢɯ
ɮɨɪɦ ɤɢɫɧɸ ȺɎɄ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɪɭɣɧɭɜɚɧɧɹ ɜɧɭɬ
ɪɿɲɧɶɨɤɥɿɬɢɧɧɢɯɫɬɪɭɤɬɭɪ. 
Ⱦɥɹɩɿɞɬɪɢɦɚɧɧɹɧɢɡɶɤɨɝɨɫɬɚɰɿɨɧɚɪɧɨɝɨɪɿɜɧɹ
ȺɎɄɜ ɪɨɫɥɢɧɧɢɯ ɬɤɚɧɢɧɚɯ ɫɮɨɪɦɨɜɚɧɨ ɫɢɫɬɟɦɭ ɚɧ
ɬɢɨɤɫɢɞɚɧɬɧɨɝɨ ɡɚɯɢɫɬɭ ɡ ɤɨɦɩɥɟɤɫɭ ɧɢɡɶɤɨɦɨɥɟɤɭ
ɥɹɪɧɢɯɬɚɜɢɫɨɤɨɦɨɥɟɤɭɥɹɪɧɢɯɚɧɬɢɨɤɫɢɞɚɧɬɿɜɇɢɡɶ
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ɱɟɧɧɹ ɧɚ ɪɚɧɧɿɯ ɟɬɚɩɚɯ ɚɤɬɢɜɚɰɿʀ ɩɿɞɜɢɳɟɧɨɝɨ ɭɬɜɨ
ɪɟɧɧɹȺɎɄɐɿɪɟɱɨɜɢɧɢɜɿɞɞɚɸɱɢɫɜɿɣɚɬɨɦɜɨɞɧɸ
ɩɟɪɟɬɜɨɪɸɸɬɶɜɿɥɶɧɿɪɚɞɢɤɚɥɢɜɫɬɚɛɿɥɶɧɿɦɨɥɟɤɭɥɢɿ
ɩɨɩɟɪɟɞɠɚɸɬɶ ɪɨɡɜɢɬɨɤ ɥɚɧɰɸɝɨɜɨʀ ɪɟɚɤɰɿʀ ɩɟɪɟɤɢɫ
ɧɨɝɨ ɨɤɢɫɧɟɧɧɹɇɢɡɶɤɨɦɨɥɟɤɭɥɹɪɧɿɧɟɮɟɪɦɟɧɬɚɬɢɜɧɿ
ɚɧɬɢɨɤɫɢɞɚɧɬɢ ɩɪɢɫɭɬɧɿ ɭ ɜɫɿɯ ɨɪɝɚɧɚɯ ɪɨɫɥɢɧ ɿ
ɜɤɥɸɱɚɸɬɶ ɚɫɤɨɪɛɿɧɨɜɭ ɤɢɫɥɨɬɭ ɤɚɪɨɬɢɧɨʀɞɢ ɮɟɧɨ
ɥɶɧɿɫɩɨɥɭɤɢɬɚɿɧ>1].  
Ⱥɫɤɨɪɛɿɧɨɜɚ ɤɢɫɥɨɬɚ ȺɄ ɜɨɥɨɞɿɽ ɞɟɤɿɥɶɤɨɦɚ
ɚɧɬɢɨɤɫɢɞɚɧɬɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɞɿɽ ɹɤ ɩɟɪɜɢɧɧɢɣ
ɫɭɛɫɬɪɚɬ ɜ ɰɢɤɥɿɱɧɨɦɭɲɥɹɯɭɮɟɪɦɟɧɬɚɬɢɜɧɨʀ ɞɟɬɨɤ
ɫɢɤɚɰɿʀȺɎɄɇ2Ɉ2ɦɚɽɡɞɚɬɧɿɫɬɶɛɟɡɩɨɫɟɪɟɞɧɶɨɧɟɣ
ɬɪɚɥɿɡɭɜɚɬɢ ɫɭɩɟɪɨɤɫɢɞɧɿ ɪɚɞɢɤɚɥɢ ɫɢɧɝɥɟɬɧɢɣ ɤɢ
ɫɟɧɶ ɝɿɞɪɨɤɫɢɥɶɧɢɣ ɪɚɞɢɤɚɥ ɬɚ ɜɢɫɬɭɩɚɽ ɹɤ ɜɬɨɪɢɧ
ɧɢɣɚɧɬɢɨɤɫɢɞɚɧɬ ɩɿɞɱɚɫɜɿɞɧɨɜɥɟɧɧɹɨɤɢɫɧɟɧɨʀɮɨ
ɪɦɢĮ - ɬɨɤɨɮɟɪɨɥɭ >2]. ȺɄɬɚɤɨɠ ɫɥɭɠɢɬɶ ɤɨɮɚɤɬɨ
ɪɨɦ ɞɥɹ ɛɚɝɚɬɶɨɯ ɮɟɪɦɟɧɬɿɜ ɿ ɫɩɪɢɹɽ ɞɟɬɨɤɫɢɤɚɰʀ
ȺɎɄɄɪɿɦɬɨɝɨɟɧɞɨɝɟɧɧɢɣɪɿɜɟɧɶȺɄɜɿɞɿɝɪɚɽɜɚɠ
ɥɢɜɭɪɨɥɶɜɪɟɝɭɥɹɰɿʀɩɪɨɰɟɫɿɜɫɬɚɪɿɧɧɹ ɿ ɡɚɯɢɫɬɭɜɿɞ
ɩɚɬɨɝɟɧɿɜ >3@ Ɉɤɪɟɦɿ ɨɜɨɱɿ ɦɿɫɬɹɬɶ ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ
ȺɄɈɞɧɚɤɭɩɪɨɞɨɜɠɡɛɟɪɿɝɚɧɧɹɜɦɿɫɬȺɄɹɤɩɪɚɜɢ
ɥɨ ɡɧɢɠɭɽɬɶɫɹ ȼɬɪɚɬɢȺɄ ɩɪɢ ɡɛɟɪɿɝɚɧɧɿ ɪɨɫɥɢɧɧɨʀ
ɩɪɨɞɭɤɰɿʀ ɩɨɜ¶ɹɡɚɧɿ ɡ ɟɧɡɢɦɚɬɢɱɧɢɦɦɟɬɚɛɨɥɿɡɦɨɦ ɬɚ
ɨɤɢɫɥɟɧɧɹɦ ɚɫɤɨɪɛɚɬɨɤɫɢɞɚɡɨɸ ȺɄɈ ɥɨɤɚɥɿɡɨɜɚ
ɧɨɸɜɤɥɿɬɢɧɧɿɣɫɬɿɧɰɿ>4].  
Ɋɨɫɥɢɧɧɿɤɚɪɨɬɢɧɨʀɞɢɜɿɞɧɨɫɹɬɶɫɹɞɨɝɪɭɩɢɥɿ
ɩɨɮɿɥɶɧɢɯ ɚɧɬɢɨɤɫɢɞɚɧɬɿɜ ɿ ɡɞɚɬɧɿ ɧɟɣɬɪɚɥɿɡɭɜɚɬɢ
ɪɿɡɧɿɮɨɪɦɢȺɎɄɄɚɪɨɬɢɧɨʀɞɢ Ʉ ɜɢɫɬɭɩɚɸɬɶɝɨɥɨ
ɜɧɢɦɢ ɭɬɢɥɿɡɚɬɨɪɚɦɢ ɫɢɧɝɥɟɬɧɨɝɨ ɤɢɫɧɸ [5]. ȼɨɧɢ
ɡɚɯɢɳɚɸɬɶ ɤɥɿɬɢɧɧɿ ɫɬɪɭɤɬɭɪɢ ɜɿɞ ɜɩɥɢɜɭ ȺɎɄ ɧɟ
ɬɿɥɶɤɢ©ɝɚɫɹɱɢªɫɢɧɝɥɟɬɧɢɣɤɢɫɟɧɶɚɥɟɬɚɤɨɠɧɟɣɬɪɚ
ɥɿɡɭɸɬɶ ɩɟɪɟɤɢɫɧɿ ɪɚɞɢɤɚɥɢ ɨɛɪɢɜɚɸɱɢ ɥɚɧɰɸɝɨɜɿ
ɪɟɚɤɰɿʀ ɜɿɥɶɧɨɪɚɞɢɤɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɧɹ ɧɟɧɚɫɢɱɟɧɢɯ
ɤɚɪɛɨɧɨɜɢɯ ɤɢɫɥɨɬ ɩɟɪɟɲɤɨɞɠɚɸɱɢ ɩɟɪɟɤɢɫɧɨɦɭ
ɨɤɢɫɧɟɧɧɸ ɥɿɩɿɞɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɤɥɿɬɢɧɧɢɯɦɟɦɛɪɚɧ
ȼɢɫɨɤɢɣ ɪɿɜɟɧɶ ɤɚɪɨɬɢɧɨʀɞɧɢɯ ɫɩɨɥɭɤ ɦɿɫɬɢɬɶɫɹ ɭ
ɛɚɝɚɬɶɨɯ ɨɜɨɱɚɯ ɉɿɫɥɹ ɜɿɞɞɿɥɟɧɧɹ ɜɿɞ ɦɚɬɟɪɢɧɫɶɤɨʀ
ɪɨɫɥɢɧɢ ɤɚɪɨɬɢɧɨɝɟɧɟɡ ɦɨɠɟ ɬɪɢɜɚɬɢ ɩɪɨɬɹɝɨɦ ɩɟɜ
ɧɨɝɨɩɟɪɿɨɞɭɧɚɜɿɬɶɭɩɥɨɞɚɯɱɟɪɜɨɧɨɝɨɫɬɭɩɟɧɹɫɬɢɝ
ɥɨɫɬɿ >6] . ɉɪɨɬɟ ɩɪɢ ɩɨɞɚɥɶɲɨɦɭ ɡɛɟɪɿɝɚɧɧɿ ɜɦɿɫɬ
ɤɚɪɨɬɢɧɨʀɞɿɜɡɦɟɧɲɭɽɬɶɫɹ 
Ɏɟɧɨɥɶɧɿ ɪɟɱɨɜɢɧɢ ɎɊ ɰɟ ɪɿɡɧɨɦɚɧɿɬɧɿ ɜɬɨ
ɪɢɧɧɿ ɦɟɬɚɛɨɥɿɬɢ ɮɥɚɜɨɧɨʀɞɢ ɞɭɛɢɥɶɧɿ ɪɟɱɨɜɢɧɢ
ɝɿɞɪɨɤɨɪɢɱɧɿ ɫɤɥɚɞɧɿ ɟɮɿɪɢ ɿ ɥɿɝɧɿɧ ɹɤɿ ɜɨɥɨɞɿɸɬɶ
ɚɧɬɢɨɤɫɢɞɚɧɬɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɉɨɥɿɮɟɧɨɥɢ ɦɿɫ








ɜɨʀ ɩɪɨɞɭɤɰɿʀ ɧɚɣɱɚɫɬɿɲɟ ɡɧɢɠɭɽɬɶɫɹ >9@ Ɂɚ ɨɤɢɫɧɸ
ɜɚɥɶɧɭ ɞɟɝɪɚɞɚɰɿɸ ɮɟɧɨɥɶɧɢɯ ɪɟɱɨɜɢɧ ɜɿɞɩɨɜɿɞɚɸɬɶ
ɞɜɚ ɟɧɡɢɦɢ ɩɨɥɿɮɟɧɨɥɨɤɫɢɞɚɡɚ ɉɎɈ ɬɚ 
ɩɟɪɨɤɫɢɞɚɡɚ>9].  
ɌɨɧɤɚɪɿɜɧɨɜɚɝɚɦɿɠȺɎɄɬɚɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ




ɤɚɥɶɧɨɝɨ ɨɤɢɫɧɟɧɧɹ ɛɿɨɫɭɛɫɬɪɚɬɿɜ Ɍɨɠ ɭɬɢɥɿɡɚɰɿɹ
ɧɚɞɥɢɲɤɿɜ ȺɎɄ ɜɩɪɨɞɨɜɠ ɡɛɟɪɿɝɚɧɧɹ ɩɥɨɞɨɨɜɨɱɟɜɨʀ
ɩɪɨɞɭɤɰɿʀɽɡɚɩɨɪɭɤɨɸɡɛɟɪɟɠɟɧɧɹɹɤɨɫɬɿɩɪɨɞɭɤɰɿʀ 
Ɂɿ ɡɧɢɠɟɧɧɹɦ ɬɟɦɩɟɪɚɬɭɪɢ ɡɛɟɪɿɝɚɧɧɹ ɜɿɞɛɭɜɚ
ɽɬɶɫɹ ɫɩɨɜɿɥɶɧɟɧɧɹ ɦɟɬɚɛɨɥɿɡɦɭ ɡɧɢɠɟɧɧɹ ɿɧɬɟɧɫɢɜ
ɧɨɫɬɿ ɞɢɯɚɧɧɹ ɡɦɟɧɲɭɽɬɶɫɹ ɜɢɞɿɥɟɧɧɹ ɟɬɢɥɟɧɭ ɫɤɨ
ɪɨɱɭɸɬɶɫɹ ɜɬɪɚɬɢ ɦɚɫɢ ɳɨ ɞɨɡɜɨɥɹɽ ɩɪɨɞɨɜɠɢɬɢ
ɬɟɪɦɿɧ ɡɛɟɪɿɝɚɧɧɹ ɩɥɨɞɨɨɜɨɱɟɜɨʀ ɩɪɨɞɭɤɰɿʀ >10, 11]. 
Ɉɞɧɚɤ ɞɥɹ ɛɚɝɚɬɶɨɯ ɜɢɞɿɜ ɩɥɨɞɨɨɜɨɱɟɜɨʀ ɩɪɨɞɭɤɰɿʀ
ɡɧɢɠɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɽ ɧɟɛɟɡɩɟɱɧɢɦ ɨɫɤɿɥɶɤɢ ɜɢ
ɤɥɢɤɚɽɨɤɢɫɧɟɩɨɲɤɨɞɠɟɧɧɹɇɟɡɜɚɠɚɸɱɢɧɚɩɨɬɭɠɧɭ





Ɉɫɤɿɥɶɤɢ ɚɧɚɥɿɡ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɚɧɬɢɨɤɫɢɞɚɧ
ɬɧɨɝɨ ɡɚɯɢɫɬɭ ɜ ɩɥɨɞɚɯ ɩɟɪɰɸ ɡ ɬɟɩɥɨɜɨɸ ɨɛɪɨɛɤɨɸ
ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ ɧɟ ɪɨɡɝɥɹɞɚɜɫɹ ɰɟ ɡɭɦɨɜɥɸɽ ɚɤɬɭɚ




Ɇɟɬɚ ɞɨɫɥɿɞɠɟɧɶ ɩɨɥɹɝɚɥɚ ɭ ɜɢɹɜɥɟɧɧɿ ɜɩɥɢɜɭ
ɬɟɩɥɨɜɨʀ ɨɛɪɨɛɤɢ ɤɨɦɩɨɡɢɰɿɽɸ ɚɧɬɢɨɤɫɢɞɚɧɬɿɜ ɧɚ
ɪɿɜɟɧɶɭɬɢɥɿɡɚɰɿʀȺɎɄɫɢɫɬɟɦɨɸɧɢɡɶɤɨɦɨɥɟɤɭɥɹɪɧɢɯ
ɚɧɬɢɨɤɫɢɞɚɧɬɿɜɩɿɞɱɚɫɡɛɟɪɿɝɚɧɧɹɩɥɨɞɿɜ ɩɟɪɰɸ 
Ɇɟɬɚ ɞɨɫɥɿɞɠɟɧɶ ɩɨɥɹɝɚɥɚ ɭ ɜɢɹɜɥɟɧɧɿ ɜɩɥɢɜɭ
ɬɟɩɥɨɜɨʀɨɛɪɨɛɤɢɪɨɡɱɢɧɚɦɢɚɧɬɢɨɤɫɢɞɚɧɬɧɢɯɤɨɦɩɨ
ɡɢɰɿɣɧɚɪɿɜɟɧɶɭɬɢɥɿɡɚɰɿʀȺɎɄ 




±  ɩɪɨɫɬɟɠɢɬɢ ɞɢɧɚɦɿɤɭ ɚɫɤɨɪɛɿɧɨɜɨʀ ɤɢɫɥɨɬɢ
ɮɟɧɨɥɶɧɢɯ ɪɟɱɨɜɢɧ ɬɚ ɤɚɪɨɬɢɧɨʀɞɿɜ ɜɩɪɨɞɨɜɠ ɡɛɟɪɿ
ɝɚɧɧɹɩɟɪɰɸ 
± ɜɫɬɚɧɨɜɢɬɢɡɚɥɟɠɧɨɫɬɿɦɿɠɪɿɜɧɟɦɦɚɥɨɧɨɜɨ






ɝɿɛɪɢɞɿɜ Ƚɟɪɤɭɥɟɫ ) ɿɇɿɤɿɬɚ ) ɜɢɪɨɳɟɧɿ ɜ ɭɦɨɜɚɯ
ɜɿɞɤɪɢɬɨɝɨʉɪɭɧɬɭȾɥɹɡɛɟɪɿɝɚɧɧɹɜɿɞɛɢɪɚɥɢɫɬɚɧɞɚɪ
ɬɧɿ ɩɥɨɞɢ ɡɚɛɚɪɜɥɟɧɿ ɜ ɨɫɧɨɜɧɢɣ ɤɨɥɿɪ ɧɚ «




ɬɚ ɜɨɞɧɢɣ ɟɤɫɬɪɚɤɬ ɤɨɪɟɧɹ ɯɪɨɧɭ ɏɪ ɏɪȱɅ >15]. 
ɉɿɫɥɹ ɜɢɫɢɯɚɧɧɹ ɩɥɨɞɢ ɜɤɥɚɞɚɥɢ ɜ ɹɳɢɤɢ ɜɢɫɬɟɥɟɧɿ
ɩɨɥɿɟɬɢɥɟɧɨɜɨɸ ɩɥɿɜɤɨɸ ɿ ɡɛɟɪɿɝɚɥɢ ɩɪɢ    ɋ ɿ












Ɋɨɡɜɢɬɨɤ ɨɤɢɫɧɸɜɚɥɶɧɨɝɨ ɩɨɲɤɨɞɠɟɧɧɹ ɨɰɿ
ɧɸɜɚɥɢ ɡɚ ɜɦɿɫɬɨɦ ɦɚɥɨɧɨɜɨɝɨ ɞɿɚɥɶɞɟɝɿɞɭ ɆȾȺ
ɹɤɢɣɜɜɚɠɚɸɬɶɦɚɪɤɟɪɨɦɨɤɢɫɧɨɝɨɫɬɪɟɫɭ>16@ȼɦɿɫɬ
ɆȾȺ ɜɢɡɧɚɱɚɥɢ ɬɿɨɛɚɪɛɿɬɭɪɨɜɢɦ ɦɟɬɨɞɨɦ >17]. ȼɢ
ɡɧɚɱɟɧɧɹɧɢɡɶɤɨɦɨɥɟɤɭɥɹɪɧɢɯɚɧɬɢɨɤɫɢɞɚɧɬɿɜ ɩɪɨɜɨ
ɞɢɥɢ ɡɚ ɧɚɫɬɭɩɧɢɦɢ ɦɟɬɨɞɢɤɚɦɢ ɜɦɿɫɬ ɚɫɤɨɪɛɿɧɨɜɨʀ 
ɤɢɫɥɨɬɢ ɡɚ ɜɿɞɧɨɜɥɟɧɧɹɦ ɪɟɚɤɬɢɜɭ Ɍɿɥɶɦɚɧɫɚ >18]; 
ɜɦɿɫɬɮɟɧɨɥɶɧɢɯɪɟɱɨɜɢɧɡɚɞɨɩɨɦɨɝɨɸɪɟɚɤɬɢɜɭɎɨ
ɥɿɧɚ-ȾɟɧɿɫɚɹɤɨɩɢɫɚɧɨɜȾɋɌɍɡɚɝɚɥɶɧɢɣ
ɜɦɿɫɬ ɤɚɪɨɬɢɧɨʀɞɿɜ ɲɥɹɯɨɦ ɟɤɫɬɪɚɝɭɜɚɧɧɹ ɩɿɝɦɟɧɬɿɜ






















ɥɟɫɨɦ Ɍɨɦɭ ɧɚɩɪɢɤɿɧɰɿ ɡɛɟɪɿɝɚɧɧɹ ɤɿɥɶɤɿɫɬɶ ɆȾȺ
ɨɞɧɚɤɨɜɚɜɨɛɨɯɝɿɛɪɢɞɚɯ 
Ɂɚ ɩɟɪɲɿ  ɞɿɛ ɡɛɟɪɿɝɚɧɧɹ ɪɿɜɟɧɶɆȾȺɜ ɤɨɧɬ
ɪɨɥɶɧɢɯ ɩɥɨɞɚɯ ɥɢɲɟ ɦɚɽ ɬɟɧɞɟɧɰɿɸ ɞɨ ɡɪɨɫɬɚɧɧɹ
ɪɿɡɧɢɰɹ ɭ ɞɟɹɤɿ ɪɨɤɢ ɫɬɚɬɢɫɬɢɱɧɨɧɟɡɧɚɱɢɦɚɇɚ 
ɞɨɛɭɤɿɥɶɤɿɫɬɶɆȾȺɡɪɨɫɬɚɽɜɪɚɡɢɭɝɿɛɪɢɞɭȽɟɪ
ɤɭɥɟɫ ɬɚ ɜ  ɪɚɡɢ ɜ ɝɿɛɪɢɞɭɇɿɤɿɬɚɓɨ ɽ ɫɜɿɞɱɟɧɧɹ
ɪɿɡɤɨʀ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɜɿɥɶɧɨ ɪɚɞɢɤɚɥɶɧɢɯɩɪɨɰɟɫɿɜ ɧɚ
ɰɶɨɦɭɟɬɚɩɿɡɛɟɪɿɝɚɧɧɹɌɚɤɚɿɧɬɟɧɫɢɮɿɤɚɰɿɹɡɛɿɝɚɽɬɶɫɹ
ɡ ɩɨɱɚɬɤɨɦ ɩɿɞɣɨɦɭ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɢɯɚɧɧɹ 
ɩɟɪɰɸ>21]. 
ȾɨɤɿɧɰɹɡɛɟɪɿɝɚɧɧɹɜɦɿɫɬɩɪɨɞɭɤɬɿɜɉɈɅɜɤɨ










ɞɨɛɭ ɜɬɪɚɬɚ ɬɨɜɚɪɧɨʀ ɹɤɨɫɬɿ ɤɨɧɬɪɨɥɶɧɢɯ ɡɪɚɡɤɿɜ
ɪɿɜɟɧɶɆȾȺɜɞɨɫɥɿɞɧɢɯɡɪɚɡɤɚɯɜɫɟɪɟɞɧɶɨɦɭɧɢɠɱɟ
ɜɪɚɡɢɞɥɹɝɿɛɪɢɞɭȽɟɪɤɭɥɟɫɬɚɜɪɚɡɢɞɥɹɝɿɛɪɢɞɭ










5 % [22@ ɉɪɢɩɭɫɤɚɸɬɶ ɬɚɤɟ ɡɪɨɫɬɚɧɧɹ ɜɿɬɚɦɿɧɭ ɋ
















ɜɧɚɫɥɿɞɨɤ ɨɯɨɥɨɞɠɟɧɧɹ ɇɚɞɚɥɿ ɜɿɞɛɭɜɚɥɨɫɶ ɧɚɪɨɳɭ
ɜɚɧɧɹɚɤɬɢɜɧɨɫɬɿȺɄɈɬɚɜɿɞɩɨɜɿɞɧɚɩɨɫɬɭɩɨɜɚɞɟɝɪɚ
ɞɚɰɿɹ ɚɫɤɨɪɛɿɧɨɜɨʀ ɤɢɫɥɨɬɢ ɹɤ ɡɚɤɨɧɨɦɿɪɧɢɣ ɩɪɨɰɟɫ



















ɛɭɜɚɧɧɹ ɮɟɪɦɟɧɬɭ ɜɿɞɩɨɜɿɞɚɥɶɧɨɝɨ ɡɚ ɨɤɢɫɥɟɧɧɹ ȺɄ











ȺɄ ɞɨɡɜɨɥɹɽ ɫɬɜɟɪɞɠɭɜɚɬɢ ɳɨ ȺɄ ɜɿɞɿɝɪɚɽ ɜɚɠɥɢɜɭ
ɪɨɥɶ ɜ ɫɢɫɬɟɦɿ ɡɚɯɢɫɬɭ ɧɢɡɶɤɨɦɨɥɟɤɭɥɹɪɧɢɯ ɚɧɬɢɨɤ
ɫɢɞɚɧɬɿɜɬɚɛɥ1, 2).  
 
Ɍɚɛɥɢɰɹ1 ± ɉɚɪɧɿɤɨɪɟɥɹɰɿɣɧɿ ɡɚɥɟɠɧɨɫɬɿɦɿɠ




ɤɚɡɧɢɤ ɆȾȺ ȺɄ ɎɊ Ʉ ȺɄɈ ɉɎɈ 
ɆȾȺ 1 -0,93 -0,97 -0,90 0,96 0,95 
ȺɄ -0,93 1 0,99 0,99 -0,91 -0,99 
ɎɊ -0,97 0,99 1 0,98 -0,93 -0,99 
Ʉ -0,90 0,99 0,98 1 -0,90 -0,97 
ȺɄɈ 0,96 -0,91 -0,93 -0,90 1 0,90 
ɉɎɈ 0,95 -0,99 -0,99 -0,97 0,90 1 
 
Ɍɚɛɥɢɰɹ± ɉɚɪɧɿɤɨɪɟɥɹɰɿɣɧɿ ɡɚɥɟɠɧɨɫɬɿɦɿɠ





ɤɚɡɧɢɤ ɆȾȺ ȺɄ ɎɊ Ʉ ȺɄɈ ɉɎɈ 
ɆȾȺ 1 -0,95 -0,99 -0,95 0,91 0,98 
ȺɄ -0,95 1 0,97 0,97 -0,95 -0,97 
ɎɊ -0,99 0,97 1 0,97 -0,94 -1,00 
Ʉ -0,95 0,97 0,97 1 -0,93 -0,98 
ȺɄɈ 0,91 -0,95 -0,94 -0,93 1 0,95 






ɉɿɞ ɱɚɫ ɡɛɟɪɿɝɚɧɧɹ ɩɟɪɰɸ ɤɿɥɶɤɿɫɬɶɎɊ ɩɨɫɬɭ




ɬɿ ɉɎɈ ɩɟɪɰɸ Ƚɟɪɤɭɥɟɫ  ± ȺɄ ɤɨɧɬɪɨɥɶ  ± ȺɄ
ɬɟɩɥɨɜɚɨɛɪɨɛɤɚɏɪȱɅ± ȺɄɈɤɨɧɬɪɨɥɶ 
4 ± ȺɄɈɬɟɩɥɨɜɚɨɛɪɨɛɤɚɏɪȱɅ 
 
ɋɨɪɬɨɜɚɫɩɟɰɢɮɿɤɚɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹɬɿɥɶɤɢɭɤɿ
ɥɶɤɨɫɬɿ ɩɨɥɿɮɟɧɨɥɿɜ ɧɚ ɩɨɱɚɬɤɭ ɡɛɟɪɿɝɚɧɧɹȾɢɧɚɦɿɤɚ
ɜɦɿɫɬɭɎɊ ɜ ɨɛɨɯ ɝɿɛɪɢɞɿɜ ɩɨɞɿɛɧɚ ɤɿɥɶɤɿɫɬɶ ɩɨɥɿɮɟ
ɧɨɥɿɜɡɚɞɿɛɡɛɟɪɿɝɚɧɧɹɡɦɟɧɲɭɽɬɶɫɹɜɿɞɧɨɫɧɨɩɨɱɚ
ɬɤɨɜɨɝɨ ɡɧɚɱɟɧɧɹ ɜ ɫɟɪɟɞɧɶɨɦɭ ɧɚ  ɞɥɹ ɝɿɛɪɢɞɭ





Ɍɟɩɥɨɜɚ ɨɛɪɨɛɤɚ ɤɨɦɩɨɡɢɰɿɽɸ ɚɧɬɢɨɤɫɢɞɚɧɬɿɜ ɞɟɳɨ
ɡɦɿɧɸɜɚɥɚɞɢɧɚɦɿɤɭɎɊɭɩɥɨɞɚɯɩɟɪɰɸɇɚɩɟɪɲɨɦɭ
ɬɢɠɧɿ ɡɛɟɪɿɝɚɧɧɹ ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɩɪɢɪɿɫɬ ɤɿɥɶɤɨɫɬɿ
ɮɟɧɨɥɶɧɢɯɫɩɨɥɭɤɧɚɩɪɢɛɥɢɡɧɨɜɿɞɧɨɫɧɨɩɨɱɚɬ
ɤɨɜɨɝɨɡɧɚɱɟɧɧɹɌɚɤɿɠɪɟɡɭɥɶɬɚɬɢɨɩɢɫɚɧɿɞɨɫɥɿɞɧɢ
ɤɚɦɢ ɹɤɿ ɡɚɫɬɨɫɨɜɭɜɚɥɢ ɨɛɪɨɛɤɭ ɩɥɨɞɿɜ ɩɟɪɰɸ ɫɟɱɨ
ɜɢɧɨɸ ɬɚ ɪɟɱɨɜɢɧɚɦɢ ɳɨ ɨɛɦɟɠɭɸɬɶ ɬɪɚɧɫɩɿɪɚɰɿɸ
[24]. Ɂɪɨɫɬɚɧɧɹ ɤɿɥɶɤɨɫɬɿ ɎɊ ɦɨɠɟ ɛɭɬɢ ɩɨɜ¶ɹɡɚɧɟ ɡ
ɨɛɦɟɠɟɧɧɹɦɬɪɚɧɫɩɿɪɚɰɿʀɫɩɨɜɿɥɶɧɟɧɧɹɦɞɢɯɚɧɧɹɬɚɡ
ɝɚɥɶɦɭɜɚɧɧɹɦɉɎɈɳɨ ɭ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɦɨɠɥɢɜɟ
ɱɟɪɟɡ ɬɟɩɥɨɜɭ ɨɛɪɨɛɤɭ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ Ⱥɞɠɟ ɟɤɡɨ
ɝɟɧɧɿ ɚɧɬɢɨɤɫɢɞɚɧɬɢ ɫɩɪɢɹɸɬɶ ɡɛɟɪɟɠɟɧɧɸ ɮɟɧɨɥɶ
ɧɢɯ ɪɟɱɨɜɢɧɜɩɪɨɞɨɜɠɡɛɟɪɿɝɚɧɧɹ [25]. ɉɨɞɚɥɶɲɟɡɛɟ
ɪɿɝɚɧɧɹ ɜɟɞɟ ɞɨ ɫɤɨɪɨɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɩɨɥɿɮɟɧɨɥɶɧɢɯ
ɫɩɨɥɭɤɈɞɧɚɤɲɜɢɞɤɿɫɬɶɞɟɫɬɪɭɤɰɿʀɎɊɜɨɛɪɨɛɥɟɧɢɯ
ɩɥɨɞɚɯ ɫɭɬɬɽɜɨ ɫɩɨɜɿɥɶɧɟɧɚ ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɤɨɧɬ
ɪɨɥɶɧɢɯɡɪɚɡɤɿɜɇɚɞɨɛɭɡɛɟɪɿɝɚɧɧɹɤɿɥɶɤɿɫɬɶɎɊɜ
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